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AN ON-LINE DATA MANAGEMENT SYSTEM
FOR REPAIR AND MAINTENANCE OF COMPUTER TERMINALS

by

Mark T. Muller, Project Coordinator, PROJECT C-BE'
The University of Texas at Austin, Austin, Texas 78712

ABSTRACT

This paper describes the design, installation, testing, and
operation of a computer-based record keeping system for computer ter-
minals and associated equipment which can provide all levels of manage-
ment with instantaneous reports on location of equipment, cost of
equipment, cost of repairs, inventory and parts control, as well as
a chronological history of both scheduled and emergency repairs of
equipment. The repair service itself is now operating at The
University of Texas at Austin on a self-supporting basis with
in-house technical personnel. The management information system

is programmed in FORTRAN on a CDC-6600/6400 system.

VoROJECT C-BE, Grant GY-9340, Mational Science Foundation grant to The

University of Texas at Austin, Drs. John J. Allan and J.J. Lagowski,
Co-Directors.
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INTRODUCTION
In November, 1971, the University of Texas installed a CDC-6400
computer and a new operating system which was called the CDC-6600/6400

TAURUS time-sharing system.

TAURUS had provision for 63 low speed computer terminals (teletypes)
which are connected to the multiplexor either by commercial dial (tele-
phone) lines or dedicated private leased lines. At the outset some 30
model 33 teletypes were operational on campus, most of which were pri-

marily used for research.

Four or five of these teletypes were used interactively for
computer-based education courses in chemistry. Computer-based educa-
tion (C-BE), was designed to supplement lecture and laboratory in-

struction by providing each student with individualized instruction.

At that time, little or no consideration was given toward providing
for repairing or maintaining the teletypes other than to call the Bell
Telephone Companv. Units were normally rented from the telephone
company for service and on-call repair service was available when the
unit was inoperative. Since the machines were on rental (or lease),
the telephone company responded with 24 to 28 hours. No one worried
about "down time" since there was no urgency with such a limited
population of terminals. The problem of "up time" became a major
one, however, when some 100 teletypewriters were purchased rather than

rented during the next 18 months by various departments and research
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Projecto . o provision for coheduled or emergency rebairs was made at
that time. Consequently, wmany deparuments faced a heavy repair charge
by commercial firms when the units required repair. Such repair costs
Qere calculated on a portal to portal mileage basis, plus a $20.00
hourly rate, as well as an added parts charge. At that time, the total
teletype density of purchased terminals within the city of Austin was
less than 100, and no contractor could economically justify a resident
repairman. The result was that no commercial vendors "“officed" in
Austin, leaving the University to shift for itself. U.T. Departments
had to request service from as far away as Dallas or Houston, Texas.
After a period of time, such support costs exceeded the operation and
maintenance funds allocated within the budgets of the departments.
Complaints were mAny and a solution had to be found. How could an
in-house repair service be provided to the entire University? Fast,
efficient service must be provided at a cost equal to or below that

offered by commercial repair service.

The remainder of this paper then, is a chronological history of
how a self-supporting in-house maintenance shop was organized and made
operational. This operation was further made more economical and self-
sufficient through use of a éomputerized data management system for
maintenance, which is also described. During this period, PROJECT
C-BE, a National Science Foundation research project in education was
underway. Its purpose was to develop computer-based curriculum matter
under the sponsorship of the National Science Foundation, also PROJECT
C-BE was the largest user of the system with some twenty teletypewriters

in operation. It was by deftault (since no other agencies desired to)




that PROJECT C-BE personnel volunteered to set up and run the shop on
an interim basis until such time’as the operation could be transferred

to a permanent support facility within the University.

ORGANIZATION OF THE REPAIR SHOP

The alternatives offered for organizing and staffing a teletype
repair shop virst has to consider personnel recruitment through one

of the f-1lowing:

a. Hiring a person and sending him to the Teletype Corp.
factory for a two-week intensive training course (a
cost of some $500.00).

b. Recruiting or hiring an experienced teletype repair-
man from commercial firms engaged in repair services.

C. Hiring an undergraduate student who was formerly a
serviceman trained by the military in teletype repair.

d. Training electronic technicians already employed within

a universicy with on-site factory sponsored repair course.

The method we finally selected was to advertise locally for an ex-
perienced teletype repairman. We hired a factory trained technician
with two years experience who was formerly with a local electronics
firm. Thus, we gained a very valuable capability in the way of a

fully trained repairman.
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in arganizing a maintenance support facility, we realized we had
v develinoe 4 owelid vardstich for cepair costs. The best indicator we
found for =wenthiy costs for maintaining teletype terminals was to
compare commeycial vendor contract rates with proposed in-house costs.
The contiract rates selected for use in-house were based upon repair
statistics for a large number of machines (100), in a non-academic
environment. Although commercial contractor monthly rates varied
according to geographic region, the cost spread from high to Tow
ranqe was fairly narrow ($25.00 to $45.00 per unit). For example,
we found that all vendors required a minimum of a one-year signed
contract for a Model ASR-33 teletype. The rates were $25.00 per
morth plus parts per teyminal. This cost estimate was based upon repair
costs for a large urban area where there were at least 100 or mere units
in service. Without fhis density of terminals, commercial vepair ser-
vices could not make a profit and remain in business. Another factor
otne prohibitite costs reguived for repairman travel to and toom
geograonically vemote units. For one-time calls (where a terminal was
a0t undas contcact], labor rates charged were as high as $£15.00 o
320,00 per hour plus 10¢ a wile for travel by commercial services.

lhiis charge was calculated on a portal to portal basis.

Armed with the above information, we organized an in-house repaiv
Soevice concentrating solely on model 33 plus a few additional wmedel 35
[y

L-letvpes . A winimum populaticn of 50 machines was requirved before the

service could start.  In order to assure continuity of service. the




nuirchane ot at least one teletype and data set te be used as a spare

vl considered essential. A one-time charge of $30.00 per terminal
pra/ided 31500.00 for this spare equipment. A basic monthly repaiv

sate o was then set at $19.00 per unit. Ouv first year contracts pirovided
o total of $11,240 for an operating budget (personnel, spare parts,

t50is, test equipment, and expendables such as teletype ribbons, etc.).

The tirst year's budget did not allow for the purchasing of all
the cequived equipment, etc.  The "austere shoestring” budget was as

foilows:
i

Teletype repairman salary $630.00/Mo. x 11 Mos. $ 7,560
Teletype tools, gauges, etc., cart 200
Teletype spare parts and expendables 2,500
Test equipment, digital voltmeter 385
Pocket data fransmission test set 99
0.A.S.1. marching funds for personne’ 468

Telephone and expendable administrative supplies,
transportation costs, etc. 208
TOTAL 17,240

Still lacking was the following additional test equipmentzz A
Telivonis dual teace oscilloscope ($3,100), a professional digital data
L ansmission measuring sev and test message generator ($2,600), a data
leaic test set, special tools for working with logic circuit boards
(3000), eto.  Such equipment was requived to vepair not only data sets
(MODEMS), but also cathode ray tube and graphics terminals. This new

aquipment was programmed for acquisition in 1973-1974.

!One monch had gone by when the budget was activated.
ZA]] of the above required test equipment has been purchased and is now
in use.

w




By referring to the manutfacturer’s technical specifications and
spare parts listings we weve able to formulate some yardsticks such as
the time reguired fur scheduled maintenance for each terminal. We found
the best time to program repairs, overhauls to be the end of each
semester during exam week. The rest of the time there was heavy student
usage, etc. Unfortunately, the present model 33 teletype was designed
onlv for meoderate usage, i.e.., four hours a day on-iine. Usi.g this
standard, the manutacturer recomnmended a major eguipment overhaul every
1000 hours {every semester) of operation. Since some of our units were
operating as much as 14 hours per day six days a week, this standard had
to be reduced by 50. or more and a closer examination of the units for
scheduled maintenance was required. Horinally, each terminal was given
preventive maintenance (cleaning, lubrication and adjustment) every

four weeks.

The $19.30 per month contract provided for twe emergency calls per
teyminal per month (during normal working hours Monday through Friday),
in addition to scheduled maintenance. This service charge included all
parts and labor (except the motor). Calls in excess of two per month
were billed at 5&.00 per hour. Appendix A shows a copy of the maintenance

contract.

The formalation of preventive maintenance schedules: compilation of
trouble calls; and preparation of spare parts requisitions required an

inordinate amount of administrative time. It was quickly apparent
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Frat 2 fore ettiorent cethod or systam was required to handle the
ssventicl information o the Tairge wGTUme of paperwourk. With the
thought in mind of making for a wore efficient administrative system,
an on-line management information system for teletype repair was con-
ceived. A description of the concept, method of implementation, and

experience to date follows in the next section.

THE ON-LINE MANAGEMENT INFORMATION SYSTEM

The concept of our on-line self updating management information
system was actually built around the University of Texas TAURUS operating
system using interactive FORTRAN IV. The program was constructed by James
€. Nash, Computer Programmer of the Computation Center Programming Staff.
This software is now resident on the University of Texas Computation

. Certer CDC-6600 time sharing computer. In sunmary, some 22 data elements
of information for each terminal are contained in the basic fiie of the
data base. The specitics included model, serial number, location, fiscal
data, date of contract, funds, etc. A sample printout is shown in
Appendices B and C. The files were designated as Inventory File and
Work File and were stored on a magnetic tape. The second file ("Daily
Work") was provided for the repairman's use in inputting inforination on
repairs for both scheduled maintenance data and emergency trouble
repairs to be merged into the management information system. This is
actually done in the field by the repairman using the teletype he just
serviced for input to the management system. The data elements that were
transmitted to the file included terminal serial number, type of trouble(s),
parts used (stock number and quantity), time required for repairs, date
serviced, and other bits of miscellaneous information which became an

integral part of the life history of each terminal or device.




Fach week the "work' (repairman's record file) is updated and merged
into a master file containing all individual device records. We found
it to be more economical to do this as a means of keeping computer
costs down and also for meeting the criteria of efficient system
information needs. A sample of a typical summary report output is

attached as Appendix C.

One point worth mentioning is that the master file also contains

information on spare parts inventory listed by stock number, description,
cost and quantity (on hand). As the updating of records occurs by

inputs from the repairman's files, the inventories are automatically
reduced in quantity and in dollar value. As new parts were received

this information was also fed into the master files for dollar value

and resource summarijes.

The advantage in using this type of system is that only one search
needs to be made for any type of information on repairs, costs, location,
type, and fiscal data in tabular form. This can be accomplished rapidly
for management purposes without the traumotic back-breaking report request
and the ensuing mountain of paper work. A back-up of the system in the
form of written contracts, purchase orders, etc., for fiscal audit;
however, to prevent the loss of vital data, the central files had two
additional back-up magnetic tapes plus the weekly record of repairs

on a magnetic tape file.
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APPENDLR A

Jridversity of Texas
Teletypewriter Maintenance Agreement

Customer Nane

Address

Department

(hereinafter referred to as Customer) hereby contracts for with
University Teletype Equipment Repair Service (hereinafter re-
ferred to as UNITERS) by its acceptance agrees to furnish the
services set forth in this agreement.

Equipreent

Serial Number Model and Type Exact Location of Terminal

Terms_of Coverage

A. The equipment identified above shall be subject to inspection
by UNITERS to determine if it is 1in good operating condition.
Any repairs or adjustments then deemed necessary by UNITERS to
bring the equipment up to good operating condition shall be
made prior to commencement of maintenance service. Charges
for bringing equipment up to good operating condition will be
billed at $8 per hour plus parts.

B. UNITERS will provide one scheduled, preventive maintenance
call every six weeks. During this preventive maintenance
period, UNITERS will perform visual inspections, external
and internal, proper lubrication of all necessary parts,
replace any worn parts (excluding motor), clean externally
and internally and perform the necessary operating tests
to insure the equipment is in proper working order. If
replacement of the motor is required, UNITERS will make
such replacement and bill customer for the motor at UNITERS'
cost.

>
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C. UMITERS will provide two emergency maintenance calls per
month between the nours of 8 A.M. and 5 P.M., Monday through
Friday, excluding official University holidays, without ad-
ditional charge {excluding motor failure). Additional
emergency maintenance calls will be billed at $8 per hour,
with a one-hour minimum charge per call. Emergency main-
tenance calls will be made on a first-call, first-service
basis.

D. If a teletype terminal cannot be repaired within a reasonable
amount of time, it will be temporarily replaced with a UNITERS
terminal while Customer's unit is being repaired.

E. If the data set (modem) is inoperative, UNITERS will verify
this to the Customer with: (1) Test equipment which provides
appropriate signals directly to the teletype; (2) A spare
modem connected to indicate proper teletype operation.
UNITERS will at Customer's request arrange for the repair
of a defective modem.

F. UNITERS will have modems available for loan to the Customer
(at no charge) for the period of time Customer's modem is
being repaired. The cost to repair the modem is not included
in this service agreement. Costs of repairs made to the
modem will be billed to the Customer at rates billed to

UNITERS.
Iv. Period of Coverage
A. This agreement will be in effect from the date it is signed

by both the Customer and UNITERS to the end of the current
fiscal year, with renewal at the end of the fiscal year at
the option of both UNITERS and the contracting party.

V. Cost and Payment

A. The monthly maintenance charge is $19.00 per month per
terminal. In addition, a one-time start-up charge of
$30.00* per terminal is required for the purchase of a
minimal stock of spare parts.

B. Basic maintenance charges for the first fiscal year are
payable in Tump sum in advance. Additional charges will

be billed monthly. Payment will be made through an Inter-
departmental Transfer Voucher.

* For continuing contracts this charge is not necessary.

o




Date

Account to be Billed

Authorized Signature

Department

for UNITERS
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APPENDIX B

INVENTORY FILE OF EQUIPMENT AND MAINTENANCE

SERIAL NUMBER* TTY023781

MODEL NUMBER* ASR33

UNIVERSETY NUMBER* 205923

BUILDING* COM

ROOM* 17

PHONE NUMBER* PAX-3318

DEPARTMENT OWNING* CC

WHO'S RESPONSIBLE* SHAW

ON CONTRACT* YES

DATE OF CONTRACT* 09/01/72

DATE CONTRACT EXPIRES* 08/31/73
ACCOUNT CODE CITED* 18-2300-0078
ACCOUNT CODE CREDITED* 18-0017-0520
I DT NUMBER* 43

AMOUNT OF CONTRACT* $228.00

DATE LAST SCHEDULED MAINT* 06/20/1974
WHO DID MAINT* CMR

REMARKS LAST P M* NONE

TOTAL NO OF P M* 0

TOTAL P M TIME* .00

WEEKS BETWEEN P M* 6

DATE NEXT SCHEDULED MAINT* 8/01/1972

Ay

s M




3INON €L61/0L/€0 30t 100t A310vydY £690E21N E£E ¥SY
INON dWd £L61/82/10 Gel AH1 v 65540¢1n €€ YSY
3NON <{2M) £L61/52/10 0L AYL d471SSIM t¢6S02LN €€ ¥SY
INON SN £L61/L2/90 LYY 1vd AF0V¥E  ZbZ6PLALL  EE ¥SY
INON SN €L61/12/90 L¥9 Lvd AFAY¥E  L6Z6PLALL €€ ¥SY
INON SN €L61/12/90 0€9 1vd AF0VHE  680V8LALL &t YSY
d3LHVLS % ASAd -
d0L0W 030y 1d3Y SN £461/62/90 S0 Sdi WOLYL  L8ZLBOALL €€ ¥SY N
INON SN £L61/20/L0 Lo¢ Sd3 d3LHIIHIS PG00CALL €€ YSY )
INON £461/82/90 GL¢e N3 WY1 €202¢LALL  €F HSY
ANON SN €461/90/L0 MILZ 3HD PASMOOYT  OZ10LCALL €€ Sy
NN SN €L61/12/90 L0t IH) AY1D veL2BLALL  £E ¥SY
90,
INGH SN €L61/92/90 d0 LéL q434 J0Ndd 0864¢CALL €T ¥SY
INON SN £L61/52/90 Get 434 NIJIV3IQ  %599¢0¢ALll €€ Sy
iNON SN £L61/52/90 SE0E 434 ONTHSND  £€99¢0¢ALll  EE ¥SY
SAYYIWIY Ag INIVW INTVW . WOOY 0414 TYNGTATANI ON LINM
1Sv1 1Sv1 J191SNOdS 3 VI¥3S IdAL
31va
gL e 9¢
3714 AYOM 40 Ld0d3¥ ATHIIM
J XIGN3dd¥Y
O
&l

Aruitoxt provided by Eic:

E



CQMPUTERGBASIED EDUCATION COUBSES

AEROSP\CE ENGINEERING e e i
' Alrcraft Design—Drs. W. T. Fowler ond’ D G Hull SR

- Structural Analysis—Dr. Enc Becker G TR
ARCHITECTURE .

Survey ofEnwonmenmI Coritro! Sysrems——Dr F N_Arumz, g?;f": RN S

CHEMICAL ENGINEERING

* Process. Analysis ond Stmulonou~Dr. D M HimmerIcu '
Qpﬁmﬁt Controlwbrs T F Edgor E. H Wissler and 1.-O. Haugen

o " © . CHEMISTRY

e Physi‘ca?%qhemisﬁy *obomfary-—or John M. Whﬁeg, :
 Organic Chemistry—Drs. §. C. Gilbert and Culp:
o - atroducrony-Chemistry Dy 3 ‘Logowsk -
o Princxples of Chenistry—Dr. 1. J, Lo WSKi L
Intrcduéﬂon to Chen"' i P

qct:ce»— g

k Enghsh Compasmcn-—l)r Susan \\/In(g

 HOME ECONOMIGS = -
- Child ﬂevefepmeﬂt-ﬂr Masy Ellen Durretr g

LTNGUISTICS Ry
Language and Sociery-Dr W;’P "’ehmonn

 MATHEMATICS L

Colcutusi IL-Dr Johh P Alexondef

MECI-IANICAL ENGINEERING

) ""Dvnamic Systems‘Synthesls-Dr L. L Hoberock S e
Prqbabmry and Stafistics for Engineers—Dr: G.. R Wogner ST
-Energy Systems Labaratory ~Dr.'G. C. Viiet. R
Element%emgn-Dr, John 1. AIIon - ST PPt L
*: Nuelear Reactor Engineering—-Dr, B, V, Koen k L
Kmmomcs and Dyr\omnc Mechamcot Systems--Dr \v 5 Reed EE

PSYCHOLOGY

“ Irrroduchion fo Psychoiagy-—-SeIf Poced*i)r Jon H' Bruelr
Stoﬂsﬂco! Merhods it Psychologynbr .Icames M Swonson

& : Cﬂmpvte nwoduman ro PhYsics—-Dr ;. D Govenda B

ZQOLOGY

- Genetics—Dr. Puchard Richardson o S
-1 Experimental Genetics—Dr. Richard Richcrdson -
i Bocphysmﬁl Anonsis-Dr J I.. Fox




